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The question whether single cells can make antibodies of more than one specificity 
has been the subject of intensive investigation for almost a decade. Information as to 
the number of antibody s  pecificities that can be produced by an individual cell would 
provide crucial information which may permit a better understanding  of the mecha- 
nisms of antibody synthesis and of the process of differentiation of antibody-producing 
cells. Various investigators  using different experimental systems and techniques  have 
obtained  a variety of answers (1-5). Values from 0 to 45% of cells capable of making 
antibodies  of more than one specificity have been reported. 
The usual experimental  situation  studied  has been the antibody response of single 
cells of animals immunized with two separate  antigens, except for the experiments of 
Hiramoto and Hamlin (5) who have investigated this question more recently in guinea 
pigs immunized with  human ~/,-globulin, an antigen  with  several identifiable deter- 
minants. 
The  present  study makes  use  of  the  fact  that  hapten-protein  conjugates 
provide better characterized antigens than used heretofore to answer the ques- 
tion whether the same cells exposed to different antigenic determinants on the 
same molecule can produce antibodies of more than one immunological speci- 
ficity. The immune response  to  conjugates  of  the  2,4-dinitrophenyl  hapten 
(DNP)  ~ with bovine serum albumin or bovine gamma globulin was studied in 
guinea pigs and rabbits and their lymph node cells  examined for the capacity 
to produce both anti-DNP and anticarrier protein antibodies.  Studies similar 
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Recipient of United States Public Health Service Special Fellowship No. 2-F3-CA-16,257 
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The following abbreviations are used throughout the paper: DNP,  2,4-dinitrophenyl 
hapten; B  SA, bovine  serum albumin; BGG, bovine  gamma  globulin; GPA,  guinea  pig albumin; 
GPG, normal guinea  pig 3,~-globulin; DNFB, 1-fluoro-2,4-dinitrobenzene;  RITC, tetramethyl- 
rhodamine isothiocyanate; FITC, fluorescein isothiocyanate. 
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to those of Hiramoto and Hamlin (5) were also carried out in rabbits immunized 
with guinea pig 72-globulin in order to compare and evaluate the results ob- 
tained with this antigen with those obtained with the hapten-protein conjugate 
system.  The  specificity of  antibodies produced  by individual cells  has  been 
investigated by  a  combination of  fluorescent  (6)  and  radioautographic  (7) 
techniques and is the subject of the present report. 
Materials and Methods 
Prot~ns.--Bovine  serum album~n  (BSA) and bovine gamma globulin (BGG) were obtained 
from Armour Pharmaceutical Co., Chicago, Ill. Guinea pig gamma globulin fraction II and 
pepsin (3 X crystallized) were obtained from Pentex, Inc., Kankakee, Ill. Guinea pig albumin 
(GPA) was prepared by starch block electrophoresis. Normal guinea pig 7~-globulin (GPG) 
was purified from fraction II. This dissolved commercial preparation  was dialyzed against 
sodium phosphate buffer, 0.01 ~ at pH 7.6. After centrifugation to eliminate the precipitated 
proteins, the crude globulin fraction was passed through a column of DEAE-cellulose equip 
ibrated  with the same buffer. The first protein peak after elution with the same buffer, con- 
sisting of 72-globulh, was collected and lyophilized. The digestion of guinea pig 7~-globulin 
with pepsin and its purification in order to obtain the F(ab% fragment, was carried out by the 
method described by Nisonoff (8). This digestion reduces the Fc portion of the molecule to 
small peptides which are lost during the purification of F(ab% from the digestion mixture. 
Other Reagen/s.--1-Kuoro-2,4-dinitrobenzene  (DNFB) was obtained from Eastman Organic 
Chemicals, Rochester, N. Y. l~I, carrier free, was obtained from New England Nuclear Corp., 
Boston, Mass. Tetramethylrhodamine isothioeyanate (RITC) and fluorescein isothyocyanate 
(FITC) were obtained from the Baltimore Biological  Laboratories, Baltimore, Md. Complete 
adjuvant was obtained from Difco Laboratories, Inc., Detroit, Mich. 
Preparation of Conjugates and Radioactive Antigens.--The  DNP protein conjugates  were 
prepared by reacting the proteins with DNFB in dioxane at alkaline pH as previously de- 
scribed (9). The degree of DN'P substitution was calculated from the absorbency at 360 m/z on 
the basis of the molar extinction coefficient of E-DNP-lyslne (10). The following conjugates 
were prepared: DNPT-BGG, DNPls-BGG, DN-P~s-BGG,  DNP65-BGG,  DNT10-BSA, DNPzs- 
GPG.  The subscripts refer to the number of  DNP  groups per  molecule. In some experi- 
ments the DN-P-BGG  conjugates were purified to remove any unconjugated  BGG.  In one 
experiment, DNP~-BGG was subjected to  electrophoresls on  geon block  at  pI-I 8.6. The 
faster migrating fraction was used to immunize the animals. In another experiment, advantage 
was taken of the fact that DNP~5-BGG  precipitates in 0.15 NaC1. DNPls-BGG  was  pre- 
cipitated and washed live times with 0.15 NaC1. The animals which  were  immunized  withthese 
specially prepared DNP-BGG conjugates are indicated in the  tables.  1esI was  coupled to 
BGG using the technique described by McConahey and Dixon (11). 
Immunization Schedule  for Animals Used as Cell Donors.--Guinea pigs were purchased from 
Carom Research Laboratories, Wayne, N. J. They were immunized with 100/~g of the hapten- 
protein conjugates in complete adjuvant using 0.4 ml of emulsion divided among the four foot- 
pads. The time interval between immunization and testing of the cells is shown in the respec- 
tive tables. Albino rabbits were obtained from Blue Spruce Farms, Altamont, N. ¥. They were 
immunized with  1-2 mg of either the hapten-protein  conjugates, guinea pig 7~-globulln, or 
F(ab% fragments in complete adjuvants. 2 ml of emulsion were divided among the four foot- 
pads. Prior to obtaining cells from the animals, the serum was always tested for the presence 
of circulating antihapten and antiearrier antibodies. 
Gel diffusion  was carried out  in immunoplates  (type  C  from  Hyland Laboratories,  Los 
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Source of CdJs.--In guinea pigs all the accessible  draining lymph nodes were dissected free 
of fat  and  disassociated  by teasing in normal homologous serum. The cell suspension  was 
filtered through gauze and spun at low speed for 7 min. The supernatant serum was discarded. 
Thin smears on glass slides were prepared from the concentrated cell button. They were fixed 
in 95% ethanol for 15 rain at room temperature, and then washed in phosphate buffered 0.15 
M saline, pH 7.6 before use. 
In rabbits one of the popllteal nodes was usually sufficient for an experiment. This node was 
obtained from the living rabbit after Nembutal anesthesia. 
Smearing the cells suspended in 100% serum was necessary to preserve cell morphology. 
The morphological appearance of these preparations was similar to those described by Vasquez 
who used the brush technique (3). 
Preparation  of Fluorescein or Rhodaraine-Labeled Antibodies.-- 
A. DNP-protein conjugate systems: Rabbits were immunized with BSA, BGG, or DNP55- 
BGG in complete adjuvants. Anti-BSA and anti-BGG antibodies were obtained as the gamma 
globulin fraction after precipitation with 33% NH4SO4. Specific  anti-DNP antibodies were 
isolated by the method of Faxah et al. (12) from the serum of rabbits immnniT¢d with DN'P55- 
BGG. The antiprotein antibodies were conjugated with FITC and purified on Sephadex and 
DEAE columns according to the technique of McDevitt et al.  (13). The purified anti-DNP 
antibody was conjugated with RITC according to the same method, except that after Sephadex 
filtration the conjugate was absorbed with charcoal as described by Nairu  (14) and  DEAE 
filtration was usually not found to be necessary. 
B. F(ab')2-Fc system: To prepare rabbit antiserum against anti-F(ab')~ fragments, rabbits 
were immunized in the four footpads for 2 successive wk with a total dose of 5 nag of guinea 
pig F(ab')~ fragment incorporated in complete Freund's adjuvant. They were then reinjected 
intradermally 2 wk later with 0.4 mg of the same antigen. The rabbits were bled 6 wk after the 
beg~nnlng  of the immunization. These antisera  showed  a  reaction  of complete identify in 
Ouchterlony plates between guinea pig 'y2-globulin  and  F(ab')2 fragments prepared from it. 
The gamma globulin fraction of these antisera was prepared by salt fractionation with 33% 
NH4SO4 and conjugated with tetramethylrhodamine as described in the previous section. To 
prepare specific anti-Fc antibody, rabbits were immunized with guinea pig ~,~-globulin; 2 nag 
of "y2-globnlin incorporated in complete Freund's adjuvant were injected in the four footpads 
of these animal% and the ~nirnals were bled 4 wk later. The serum was rendered specific for the 
Fc fragment of "y~-globuiin by absorption at  the equivalence zone with F(ab')a fragment pre- 
pared from guinea pig T2-giobulin. This absorbed antiserum reacted only with the Fc fragment 
of "y2-globulin. It precipitated only "y~-globulln but not "yx-globulin, and when a papain digest 
of ~/~ globulin was submitted to immunoelectrophoresis only the Fc fragment was shown by 
this absorbed antiserum. The gamma globulin fraction of this absorbed antiserum was con- 
jugated with FITC as described above. 
Microscopy.--A Wild M-20 microscope (Wild Heerbrugg Instruments,  Inc.,  Farmingdale, 
N. ¥.)  equipped with tungsten  and  ultraviolet light was used. The latter light source was 
HB 200 burner with UG-1 exciter filter and UV excluding filter GG-13. 
Photography.--For  fluorescent photography high speed Ektachrome film daylight type, was 
used. Exposure times were from 45-60 scc. 
Radioautography.--Slldes  were dipped in Kodak NTB-3 liquid emulsion and were developed 
in Kodak 19B developer. Exposure time varied between 4-10 days. They were then stained 
with Giemsa stain for 30 rain. 
Antigens Used as Middle Layer in Sandwich  Techniffue for Fluorescent Microscopy. I 
A. DNP-protein systems: BSA, BGG, DNP16-BGG, or DNP~5-GPG were used at concentra- 
tions of 100 to 250/~g/ml in 0.01 u  pH 7.6 phosphate buffer; DNP16-BGG and DN-P~5-GPG 514  SPECIFICITY  OF  ANTIBODIES  FOLLOWING  IMMUNIZATION 
salt out in higher ionic strength solutions. For radioantographic studies BGG-I~sI was used at 
concentrations at 25 to 50/zg/ml. To reduce the amount of nonspecific sticking of radioactive 
antigen to the slide, unlabeled gamma globulin (2 mg/ml) of the species of the cell being tested 
was mixed with the radioactive BGG. Several DNP-protein conjugates were investigated as to 
their ability to identify anfi-DNP-producing cells. Only DNP-gamma globulin with about 15- 
25 DNP groups per molecule were found to produce low backgrounds and high specific staining 
of antibody-producing cells.  Other materials such as DNP-BSA, DNP-OVA, DNP-PLL gave 
a high degree of nonspecific background staining probably due to charge effects. DNP16-BGG 
was used as the middle layer to detect anti-DNP-producing cells in immunofluorescent studies 
of cells of animals immunized with DNP-BSA. DNP2~-GPG was used as the middle layer to 
detect anti-DNP-producing cells in guinea pigs or rabbits immunized with DNP-BGG. No 
cross-reaction was observed between the rabbit anti-BGG antibody used for fluorescent stain- 
ing and DNP25-GPG used as antigen in the middle layer. 
B. Guinea pigs "y2-system: Purified F(ab')2 fragments were used in a  concentration of 100 
#g/ml. Guinea pig "y2-globulin was used at a concentration of 25 #g/ml in a solution also con- 
taining F(ab')2 fragments at a  concentration of 2 mg/ml. 
lmmunofluorescent and Radioautographic Method for Identification of Antibody-Producing 
Cells.-- 
A.  The hapten-protein conjugate system: The  experiments  described in  the  section  were 
carried  out  in  order  to  identify  cells producing  antihapten antibodies,  anticarrier protein 
antibodies, or both types of antibodies. The general approach was to expose the cell smears to 
be tested to the mixtures of the two separate antigens for 30 rain, BSA and DNPxs-BGG, for 
example, wash and then stain the cells with the anti-BSA antibody labeled with fluoreseein and 
the anti-DNP antibody labeled with rhodamine. The slides were then examined by ultraviolet 
light. The cells producing anti-DNP antibodies would be expected to stain orange, and the 
cells producing anti-BSA antibodies would be expected to stain green. If cells were producing 
both anti-BSA antibodies and anti-DNP antibodies, these cells would be expected  to stain 
yellow. Preliminary experiments indicated that the results of fluorescent staining were identi- 
cal if the two separate test antigens were placed on the slide sequentially in either order or 
simultaneously. Therefore the antigens were usually placed on the slide simultaneously. 
The specificity of the immunofluorescent staining was determined in three ways:  (a)  By 
treating the slides in identical fashion except that saline was substituted for antigen; in this 
case no stained plasma cells were seen. The stained cells were rare eosinophiles and very few 
large irregular ceils, some of which were identified as antigen containing macrophages. (b) By 
the application of middle layer antigens followed by specific fluoresceinated antibodies to cell 
smears obtained from animals immunized with Freund's adjuvant alone.  Only  a  very rare 
plasma cell was weakly stained either with antihapten or anticarrier  specific  systems.  (c) By 
treating the slides,  after the antigen application, with unlabeled antibody followed by labeled 
antibody. In this situation the intensity of the fluorescence  was greatly diminished but not 
abolished. 
The following additional control experiments were performed to see if with our technique of 
detection, the fixation of an antibody labeled with fluorescein and another labeled with rhoda- 
mine to the same cell,  would actually produce a  yellow color. Cell smears were made from 
lymph node cells of guinea pigs immunized with DNPxs-BGG. DNP16-BGG was then used as 
a common test antigen in the middle layer for the detection of both anti-DNP and anti-BGG- 
producing cells.  After the antigen was washed off,  the slide was tested with a  mixture of a 
ituoresceinated anti-BGG antibody and thodamine-labeled anti-DNP antibody. In this situa- 
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producing cells and also could bind both labeled antibodies, every antibody producing cell did 
indeed stain yellow. 
However, the interpretation of colors is a subjective one and conceivably if a cell were mak- 
ing a  small amount of one type of antibody and a  large amount of another antibody, small 
changes in color would not be appreciated. For this reason more objective criteria were em- 
ployed; these were of two separate varieties. First, sequential fluorescent staining was per- 
formed; the slide was initially stained for the presence of anti-BGG-producing cells using BGG 
as the middle layer antigen and fluorescein-labeled anti-BGG antibody. Cells producing anti- 
BGG antibodies were then identified in specific  microscopic fields  by Vernier reading and 
photographed. The slides were treated with the second  reagent, DNP25-GPG, followed  after 
washing by exposure to the rhodamine-labeled anti-DN-P antibody. The same field was located 
again by means of the Vernier reading and examined for the presence of new orange cells pro- 
ducing anti-DN-P antibody or for a shift in color of the cells previously identified as producing 
the anti-BGG antibody. This type of sequential experiment was carried out in both directions: 
that is, in some experiments the presence of the green anti-BGG-producing cells was detected 
first and then the orange anti-DN-P cells were identified; in other experiments, the orange anti- 
DNP cells were detected first followed by the identification of the green anti-BGG-producing 
cells. 
The second objective technique that was used to identify anti-BGG-producing cells and 
anti-DNP-producing cells combined the fluorescent and radioantographic methods. Here, for 
example, to study the ceils of an animal immunized with DNPt~-BGG, the antigen mixture in 
the middle layer consisted of BGG-~SI and DNP~5-GPG. The green anti-BGG--producing cells 
were identified in the usual way by staining with fluorescein-labeled anti-BGG antibody and 
the orange anti-DNP cells were identified by orange staining with rhodamine-labeled anti- 
DNP antibody. Fields containing green and orange cells were located by Vernier readings and 
photographed. The slides were then processed  for radioautography. After developing the slides 
and staining with Giemsa stain, the same fields were again identified. The location of ceils with 
grains was noted. Thus, if grains were found over cells previously identified as anti-DNP anti- 
body producers (orange cells), this would indicate that they were also producing small amounts 
of anti-BGG antibodies. 
The combined fluorescent and radioautographic method is designed to detect cells producing 
anti-DNP antibodies in large amounts which might also be producing anti-BGG antibodies in 
small amounts. If the reverse situation obtained, that is if a cell were producing large amounts 
of anti-BGG antibody and small amounts of anti-DNP antibody, then a cell initially stained 
orange with rhodamine-labeled anti-DNP antibody should, on sequential fluorescent staining 
with fluorescein-iabeled anti-BGG antibody, turn yellow or green. Therefore, the combination 
of these two methods could effectively detect antibody-producing cells making a large amount 
of antibody of one specifidty and a smaller amount of antibody of a different specificity. 
The same sequential fluorescent technique was used  to determine the specificity of anti- 
body-producing cells in animals immunized with DNP-BSA. 
Immunofluorescent Methods in the Guinea Pig "y2-System.--The  experiments described in 
this section were carried out to identify cells producing anti-F(ab% antibodies, anti-Fc anti- 
bodies, or both types of antibodies. 
Immunofluorescent methods in this system are complicated compared with the  hapten- 
protein system because, although F(ab% fragments can be obtained in pure form and therefore 
specific anti-F(ab% antibody can be prepared, guinea pig Fc fragments cannot be obtained 
completely free of F(ab% fragments. 
Preliminary experiments were performed  in rabbits  immunized with  guinea pig F(ab')2 
fragments to test the specificity of our reagents. Lymph node smears from these animals were 
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cells were stained. No stained cells were seen in control preparations consisting of: (a) slides 
prepared without the antigen middle layer or, (b) lymph node smears from a rabbit immunized 
with DNPn-OVA in which F(ab')2 fragments were used as middle layers followed with fluo- 
resceinated anti-F(ab')2 antibodies. 
The anti-Fc antibody which had been prepared by absorption of the anti-T2 antibody with 
F(ab')2 fragments was also  tested  with  the  cells  of  the  rabbit  immunized  with  F(ab')2 
fragments alone. When the antibody was layered on the cells directly without any antigen 
middle layer, weak staining of some plasma cells was seen. This staining could be blocked by a 
high concentration (2-5 mg/cc) of F(ab')2 fragments. Our interpretation of this finding was 
that some F(ab% fragments used for adsorption were also still present in the absorbed anti- 
TABLE  I 
Identification by Sequential Double Fluorescent Staining  of Anti-Carrier Antibody- 
Producing Calls and of Anti-DNP Antibody-Producing  Cells in Animals 
Immunized with DNP-Protdn Con iugates 
Type of animal 
Rabbit* 20-71 
Rabbit* 20-72 
Rabbit* 20-81 
Guinea pig* 21-81 
Guinea pig]] 21-9 
Immunizing antigen 
DNPx0-BSA 
DNPxo-BSA 
DNP16-BGG 
DNPI~-BGG§ 
DNPT-BGG¶ 
No. of 
days after 
immuni- 
zation 
Total .................. 
d~  ~r  ~o. of  ~o. of 
~nti-~mte~  anti-DNP 
into  i-  carrier cells  cells  Za  1 
16  23  35 
24  59  38 
27  67  11 
20  142  78 
21  37  15 
328  177 
No. of 
double 
producers 
* Anti-BSA cells were  identified  first with fluorescein-labeled antibody,  then  the  same 
fields were reexamined for the presence of anti-DNP cells with rhodamine-labeled antibody. 
* Anti-BGG cells were  identified first with fluorescein-labeled antibody,  then the same 
fields were reexamined for the presence of anti-DNP cells with rhodamine-labeled antibody. 
§ This preparation was precipitated and washed in 0.15  M NaC1  to free it from uncon- 
jugated BGG. 
tl Anti-DNP  cells were  identified  first with rhodamine-labeled antibody,  then the same 
fields were reexamined for the presence of anti-BGG-producing cells with fluorescein-labeled 
antibody. 
¶  DNPT-BGG was subjected to electrophoresis to free it from uneonjugated BGG. 
serum, probably in the form of soluble complexes. These F(ab')2 fragments were thus also 
fluoresceinated and were  able  to  attach directly to plasma cells making antibody directed 
against the F(ab')2 determinant. A  final additional control study was performed using cell 
smears from a  rabbit immunized with F(ab')2 fragments. These smears were  treated with 
25 #g of T~-globulin as middle layer antigen; they were washed and then treated with an anti- 
Fc antibody labeled with fluorescein. Other cell smears from the same animal were treated with 
25 #g of 3,~-globulin mixed with 2 mg of F(ab')2 fragments. The smears were then exposed to 
anti-Fc antibody to which was added prior to use F(abt)2 fragments at a final concentration of 
2  mg/ml. After the first procedure in which no blocking steps were employed, a  very large 
number of brightly stained plasma cells were seen in the smears. However, after the second 
procedure in which the F(ab')2 fragments were used as a blocking reagent, as described above, 
the number of fluorescent-labeled cells was greatly reduced though a  few  cells  still  stained 
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The results of these three types of controls in rabbits immunized with F(ab')2 fragment 
alone indicate that, with the reagents used, complete separation of specificity could not be 
accomplished. They delimit, however, the confidence level of our studies with this system. The 
TABLE  II 
Identification by Combined Fluorescent and Radioautographic Techniques of Anti-BGG 
Antibody-Producing Calls and of Anti-DNP Antibody-Producing Cells in 
Animals Immunized witk DNP-BGG Conjugates 
Type of animal 
Rabbit 22-01 
Rabbit 22-02 
Guinea pig 20-36 
Guinea pig 20-92 
Guinea pig 21-82 
Total 
Imm.ni~|ng antigen 
DNPIu-BGG~ 
DNPIs-BGG$ 
DNPT-BGG 
DNPT-BGGH 
DNPI6-BGG:~ 
No. of 
days after 
i IKlnunl- 
zation 
14 
13 
14 
21 
13 
No. of 
anti-BGG- 
1~,roducin$ 
cel~ ~  oy 
fluoreecein 
fluorescence 
and radio- 
autography* 
95 
17 
44 
13 
125 
294 
No. of 
No. oi  anti-DNP  cells  anti-DNP  cells seen by  exhibiting  BGG  rhodsmiue  specificity 
fluorescence by radiosutng. 
raphy 
47  0/47§ 
16  0/16 
22  0/22 
7  0/7 
152  0/152 
244  0/244 
* The same cells were always identified by both techniques. 
This preparation was precipitated and washed in 0.15 M NaCI to free it from unconju- 
gated BGG. 
§ These are the same previously identified anti-DNP cells. 
II DNPT-BGG was subjected to electrophoresis to free it from uuconjugated BGG. 
TABLE  III 
Ident4fication by Sequential Fluorescent Staining of Ang-F(ab')z-Producing  Cells and 
Anti-Fc--Producing Cells in Rabbits Immunized witk Guinea Pig ~rGlobulin 
Experiment no. 
21-72 
21-72 
total. 
No. of days after 
immunization 
13 
15 
No. of rhodmnine 
fluorescent anti- 
F (ab')r-producing 
cells (orange) 
45 
112 
157 
No. of fluorescein 
fluorescent anti- 
Fc-vroducing 
cells  (green) 
17 
95 
112 
No. of oranRe cells 
turning yellow or 
green after sequential 
staining 
2/45 
4/112 
6/157 
Anti-F(ab%-produclng cells were  identified  first  by  rhodamine fluorescence,  then  the 
same fields were ree~mlned after staining for Fc-producing cells by fluorescein fluorescence. 
See text concerning the essential use of blocking reagents to carry out these experiments. 
number of  anti-F(ab')r-producing cells in  animals immunized with guinea pig T~-globulin 
which could be erroneously identified as producers of anti-Fc antibodies is very low. If a rela- 
tively high percentage of cells, above 10%, were indeed able to produce antibodies of these 
two specificities, they could easily be detected with our reagents. 
After the completion of the control studies, the lymph node smears from rabbits immunized 
with guinea pig 3'2-globulin were tested for the presence of cells making anti-Fab antibodies, 518  SPECIFICITY OF  ANTIBODIES FOLLOWING IMMUNIZATION 
anti-Fc antibodies,  or antibodies of both types of specificity in the following manner. The 
smears were first treated with F(ab')~ fragments,  washed, and then treated with rhodamine- 
labeled rabbit anti-F(ab')2 antibody. Vernier readings were used to identify fields containing 
cells making anti-F~ab')2 antibody. The slides were  then layered with an antigen mixture 
containing 25 gg/ml of a guinea pig "y2-globulin  to serve as middle layer and 2 mg/ml F(ab')2 
fragments.  Thus the "y~-globulin  containing  both the F(ab')2 and Fc determinants would in 
the presence of excess of F(ab'), fragments tend to attach only to those cells making anti-Fc 
antibody. Mter incubation and washing, the slides were next exposed  to a  mixture  of fluo- 
reseein-treated  anti-Fc antibody and free F(ab')2 fragments again at a concentration of 2 gm/ 
cc. This latter maneuver eliminated the possible direct staining of the anti-F(ab')2 producing 
cells by the small amount of fluorescein-conjugated F(ab')2 fragments present in the anti-Fc 
reagent. The same fields were then identified by Vernier reading and observations were made 
to establish whether new green cells appeared in the same fields or whether some of the anti- 
F(ab')2 cells turned  yellow. 
To illustrate the considerable  magnitude of the errors  that can result from  the lack of 
specific blocking  reagents in this system, the following experiment was carried out. Mter 
staining the anti-F(ab')2-producing cells with rhodamine,  the F(ab')2-blocking reagent was 
omitted when the guinea pig 5"~-globulin  was added as middle layer antigen to detect the anti- 
Fc-producing cells. Under these circumstances  a very large number of cells, approximately 
80%,  stained yellow. 
RESULTS 
The proportion of specifically stained cells, either after immunization with 
DNP-protein conjugates or guinea pig ~,2-globulin, was about 2-3 %  of all the 
cells in the lymph node.  In rabbits immunized with DNP10-BSA all the anti- 
body-producing cells stained either green or orange and no intermediate colored 
cells were seen,  indicating that  the  cells were  producing either  anti-DNP  or 
anti-BSA antibodies. The same observations were made in animals immunized 
with DNP16-BGG;  different cells produced antibodies against the hapten and 
against the  carrier molecule. 
The results of sequential experiments with preparations from these animals 
are shown in Table I. They indicate that when observations were made within 
single fields, no cell changed in color. Thus,  when cells of one specificity were 
identified first, then the cells of the second specificity were always new cells not 
previously stained.  Similarly in guinea pigs immunized with DNP15-BGG  or 
DNP7-BGG,  the antibody-producing cells either produced anti-BGG antibody 
or anti-DNP  antibody (Table I).  Fig.  1  demonstrates  an  example of such  a 
field in a  sequential experiment. 
The results obtained by the combined fluorescent and radioautographic tech- 
nique  were identical. 
No  difficulty was  encountered in  identifying the  antibody-producing cells 
because of the large number of grains over these cells which contrasted with the 
very low background. Moreover, this technique appeared to be at least as sensi- 
tive as the immunofluorescent method since every specific cell which had been 
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identified by radioautography. Rabbits immunized with DNP15-BGG showed 
two kinds of specifically stained cells,  green or orange.  Mter processing for 
radioautographic examination no cells  previously stained orange had grains 
localized over them higher than the background. These results are shown in 
Table II. The cells of guinea pigs immunized with DNP~-BGG were also shown 
by the combined fluorescent and radioautographic technique to be of two kinds, 
anti-BGG-producing cells or anti-DNP-producing cells. These results are also 
shown in Table II. Fig. 2 illustrates the combined fluorescent and radioauto- 
graphic technique. 
In  rabbits  immunized  with  guinea  pig ~2-globulin,  sequential  fluorescent 
examination to detect the presence  of anti-F(abP)2-producing cells  and  anti- 
Fc-producing cells  showed  that  although most  of  the  cells produced either 
anti-F(ab')~ antibody or anti-Fc antibody, a few cells (3.7%) stained for both 
specificities.  The results are shown in Table III. 
DISCUSSION 
Information concerning the number of antibodies which can be produced by 
an individual cell would provide one of the key facts necessary for the under- 
standing of the process of differentiation of antibody producing cells, and the 
mechanism of antibody synthesis. This problem has been the subject of numer- 
ous studies. Most experiments have dealt with the specificifies of the antibodies 
produced by single cells from animals immunized with two noncross-reacting 
antigens. The percentage of cells  which were found to produce two different 
antibodies varied from none (1, 3)  or a few cells (2)  to about 20% (4)  of the 
antibody producing cells.  The following techniques were used: immunofluo- 
rescence (1, 3, 5), bacterial immobilization and adherence (2),  and phage neu- 
tralization (4). In the expectation that immunization with a single antigen bear- 
ing two types of determinants might increase the probability that cells would 
produce two antibodies, Hiramoto and Hamlin studied the specificity of anti- 
body-producing cells  from guinea pigs immunized with human IgG-globulin 
with immunofluorescent techniques. 45 % of these cells were judged to produce 
both anti-Fc and anti-F(ab~)2 antibodies (5). Some of the wide variations in the 
results obtained by different investigators may be ascribed to the numerous 
dL~culties inherent in the various techniques which have been used to resolve 
this problem. The errors that can be made are numerous and would lead more 
to the finding that cells are capable of producing antibodies of more than one 
immunological specificity than to the opposite conclusion. 
Since the answer to this important immunological question has become es- 
sentially a methodological problem, the reliability of the results obtained de- 
pends upon a very strict analysis of the experimental protocol chosen, of the 
possibilities of error, and of the magnitude of these potonfial errors. We will 
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As was done by Hiramoto and Hamlin we chose to immunize animals with an 
antigen containing two types of determinants, rather than with two separate 
antigens,  to favor the possible emergence of cells  capable  of producing two 
different antibodies. The immunofluorescent method was selected to determine 
the number of antibodies produced by an individual cell because of the follow- 
ing advantages: the technique allows a wide choice of possible antigenic deter- 
minants whose specificities  can be adequately investigated; the specificities  of 
the detecting reagents can also be adequately controlled. These considerations 
are very important, as strict control of specificity is essential in this type of 
experiment to avoid grievous errors. The immunofluorescent technique detects 
the antibody which is present in the cell at the time it is obtained from the 
animal; no long incubation of the cell is required. Furthermore the identifica- 
tion of the antibody does not depend upon reactions subsidiary to its combina- 
tion with the antigen, such as bacterial mobilization or phage inactivation which 
may introduce added sources of error.  The morphology of the antibody-pro- 
ducing cell can easily be studied at the time of immunofluorescent staining or 
after staining the smears with Giemsa stain. The technique is sufficiently sensi- 
tive to detect a very large number of antibody producing cells; in our experi- 
ments 2-3%  of all the lymph node cells produced antibodies against  the anti- 
gens used. Furthermore the number of anti-DNP antibody-producing cells, in 
a suspension of lymph node cells which could be identified by immunofluorescent 
technique and by the very sensitive immune cytoadherence method (15) using 
DNP-conjugated sheep erythrocytes (16),  was very similar indicating that a 
major proportion of the antibody-producing cells were indeed detected in our 
experiments3 
The immunofluorescent technique, when used to investigate problems of dual 
specificity, requires the use of reagents of two separate colors. The difficulties in 
resolving and interpreting color changes due to varying combinations of these 
two colored reagents is the chief disadvantage of this technique. Various meth- 
ods have been previously employed to overcome this problem such as the use of 
various light-excluding filters (17) and of the quenching of fluorescein fluores- 
cence at low pH (18).  In our experiments, we have relied in part upon the se- 
quential use of the two color reagents to obviate this problem. A particular mi- 
croscopic field was examined for the presence and location of cells producing one 
type of antibody. Then the smear was restained for the presence of cells produc- 
ing the second type of antibody; the same field was again located and examined. 
Under these circumstances it was possible to observe whether new cells appeared 
and whether shifts in color of cells previously seen and identified had occurred. 
However, we felt that the combination of the immunofluorescence techniques 
with an entirely unrelated method of observation would provide a more favor- 
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able basis for objective evaluation of the results.  For this reason, we combined 
the hnmunofluorescent  techniques  with the radioautographic localization  of 
radioactive antigen to detect antibody-producing cells. 
A most important decision in these studies concerns the choice of the antigen 
bearing the two types of noncross-reactive  specific determinants, and also the 
preparation of the reagents  necessary  to detect these two specificities. DNP- 
BGG and DNP-BSA with a low number of hapten groups per molecule were 
selected as antigens because animals immunized with such materials make both 
antibodies  directed against the DNP-hapten  and  antibodies  directed solely 
against the carder protein in comparable mounts, and because the immunolog- 
ical specificity of these antibodies has been very well investigated (12, 19). To 
be more specific, animals immunized with these DNP-protein conjugates  gen- 
eraily make three different types of antibody. One type of antibody which we 
refer to as "anti-DNP" can react with the hapten on a  carder molecule im- 
munologicaily  unrelated to the one used for immunization. Another type of 
antibody "anticarrier" can react  with  the  unconjugated carder  protein.  A 
third type of antibody reacts only with the immunizing DNP-conjugate and 
has been usually referred  to improperly as "antilink antibody" (19, 20). This 
type of antibody is believed to be directed toward hapten +  carder determi- 
nants or toward determinants which result from tertiary changes in the carder 
molecule caused by the conjugation procedures?  In contrast to this third type 
of antibody, the"anti-DNP"  antibodies and the "anticarrier" protein antibodies 
have been shown to have different specificities and not to cross-react. These con- 
siderations dictated the proper use of reagents  to identify cells producing anti- 
DNP or anticarrier antibodies. The anti-DNP antibodies were detected using as 
middle layer a DNP-conjugate of a protein immunologically unrelated to the 
immunizing carder. This insured that no  errors  in immunological  specificity 
could be introduced by the middle layer antigens.  To detect the middle layer 
antigens fixed on the cells, specific antihapten antibodies  and anticarrier pro- 
tein antibodies were prepared in different animals. These antibodies did not re- 
quire absorption to ensure their specificities. Thus a strictly  specific system  of de- 
tecting antigens and of developing  antibodies were achieved  to identify cells 
producing anti-DNP or anticarrier protein antibodies; the cell producing "anti- 
link" antibodies could not be detected with these reagents, and therefore could 
not introduce errors in interpretation. 
The results obtained with these antigens were unequivocal, the ceils of rabbits 
and guinea pigs immunized with DNP-BGG or DNP-BSA produced either anti- 
hapten antibodies or anticarrier protein antibodies,  never both. Out of 1043 
cells examined in all these experiments no cell was found to produce antibodies 
against both specificities, in spite of the fact that the technique used would have 
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identified  a cell producing unequal amounts of antibodies against either speci- 
ficity. Cells obtained from animals  as early as 13 days and as late as 1 month 
after immunization  were examined  without any difference  in  the results  ob- 
tained. 
Because these results differed totally from those obtained by Hiramoto and 
Hamlin  (5)  with antihuman  gamma globulin,  a  study was also made of the 
antibodies produced by single  cells of rabbits immunized with guinea pig ~/2- 
globulin.  This antigen, like human IgG-globulin (21), possesses different anti- 
genic determinants in its Fc and F(ab')2 fragments (22).  However, it is clear 
that foreign gamma globulins, in contrast to hapten-protein conjugates, are not 
the antigens of choice for these types of studies because detecting antigen rea- 
gents free of contamination and developing antibodies specific for each of the 
two types of determinants on these molecules  cannot be obtained. In our ex- 
periments, one of the antisera, anti-Fc, had to be prepared by absorbing an anti- 
guinea pig T2-antiserum  with F(ab')2 fragments.  Anti-Fc antibody cannot be 
prepared  directly by immunizing  animals  with Fc fragments because of the 
difficulty in preparing completely pure Fc fragments. Only the F(ab')2 fragment 
of ~,2-globulins can be obtained free of contamination.  The specificity of the 
anti-Fc reagent and of the identification of anti-Fc antibody-producing cells 
depended upon blocking procedures with a  large excess of F(abl)2  fragment. 
For these reasons,  the results of our experiments with guinea pig ~/,-globulins 
were not unequivocal. A low percentage of antibody producing cells, 3.7 %, ap- 
peared to contain antibodies against both the F(abt)2 fragment and the Fc frag- 
ment. This low percentage of antibody-producing cells staining for both speci- 
ficities can be explained  on the basis of the clearly demonstrated failure, in prior 
control experiments, of the F(abl)2-blocking  steps to ensure the absolute speci- 
ficity of the identification of the anti-Fc antibody producing cells. The signifi- 
cance of this  low number  of doubly stained  cells  is  therefore  questionable. 
Nevertheless the per cent of these cells in our experiments contrasts sharply 
with the figure of 45 % of cells considered  to be double producers by Hiramoto 
and Hamlin. Although their experiments differed from ours in some technical 
details, the same general types of difficulties  inherent in the use of immuno- 
logical systems where the specificity is only achieved by absorption are common 
to both studies and required careful controls to evaluate the results. It is there- 
fore our opinion  that the figure of 45 % of cells capable of producing antibodies 
of two specificities  reported by Hiramoto and Hamlin  (5) may be the result 
of technical error.  These experiments clearly demonstrate that the unequivocal 
detection of dual  specificity by immunofluorescent  methods should  only be 
attempted in immunological  systems in which all the reagents can be prepared 
completely free ~rom cross-contamination and their specificity can be controlled. 
The results obtained with hapten-protein conjugate systems are not subject 
to such criticisms  and meet these rigid  criteria.  They reflect more accurately 
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gen bearing several determinants. The individual cells were shown to produce 
antibodies against the hapten, or antibodies against the antigenic determinants 
of the carrier molecule, never antibodies against both. 
It has been well established that anti-DNP  antibodies  are a  very hetero- 
geneous population of molecules (23)  and also that protein molecules used as 
carriers in these experiments contain several antigenic determinants (24). There- 
fore what has been strictly demonstrated in this paper is that two families of 
antibodies with different specificities  are produced in different cells.  If anti- 
body-producing cells were able to produce more than one ~mmunoglobulin, there 
is no valid reason to expect that they would restrict themselves to antibodies 
of one specificity or one group of specificities when exposed to an antigen with 
several different determinants as was observed in our experiments. These con- 
siderations suggest that individual antibody-producing cells may synthesize a 
single homogeneous immunoglobulin and behave in this respect similarly to 
myeloma cells. The strict limitation of L  chain types and of immunoglobulin 
allotypes produced by normal plasma cells  even in heterozygons individuals 
(25, 26, 27) is therefore comparable to the narrow range of antibody specificity 
produced by individual cells in our experiments. The biological significance of 
these observations with respect to the mechanism of antibody synthesis will be 
discussed in a  companion paper. 
SUMMARY 
A combination of double immunofluorescent technique and radioautographic 
localization of radioactive antigens was used to investigate the question whether 
single antibody-producing cells can make antibodies of more than one specificity 
after immunization with antigens bearing more than one determinant. When 
guinea pig ~/2-globulins, containing the F(ab~)2 and Fc determinants, were used 
to immunize rabbits, a small percentage of cells (3.7 %) were stained with both 
the anti-F(ab'), and anti-Fc reagents. These results were shown to be due tO the 
lack of absolute specificity of the detecting antigen and antibody reagents which 
can be obtained for use in this system. 
However, when immunological systems such as hapten-protein conjugates 
were used, and where completely specific antigen and antibody reagents could 
be prepared,  the results were unequivocal. The individual lymph node cells 
from rabbits  or guinea pigs immunized with hapten-protein conjugates pro- 
duced antibodies against the hapten or antibodies against the antigenic deter- 
minants of the carrier molecule, never antibodies against both specificities. 
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EXPLANATION OF PLATE 67 
FIG. 1.  Lymph node smear of guinea pig 21-9 immunized with DNPT-BGG. 
In Fig. 1 a the smear has been stained only with rhodamine-labeled anti-DNP anti- 
body. The brightly stained cell is an orange anti-DNP-producing  cell. 
In Fig. 1 b the same smear has been subsequently stained with  fluorescein-labeled 
anti-BGG antibody. The newly stained cell appearing directly adjacent to the one 
seen in Fig. 1 a is a green anti-BGG-producing  cell The orange cell did not change in 
color. 
FIG. 2.  Lymph node smears from guinea pig 20-36 immunized with DNPT-BGG. 
The smear has been stained for both anti-DNP and anti-BGG-producing  cells; how- 
ever, in this instance, the detecting antigen, BGG, used in the middle layer, was tagged 
with 125I. 
In Fig. 2 a three stained cells are seen. The one in the middle was. stained orange, 
indicating that it was producing anti-DNP antibodies. The other two cells were green, 
indicating the presence of anti-BGG antibody. 
In Fig. 2 b the same smear was processed  for  radioautography and stained with 
Giemsa. In the same field  as Fig. 2 a  the two  cells identified as having anti-BGG 
specificity  have many grains localized  over them indicating the presence of  bound 
BGG-125I. In contrast, the middle cell containing anti-DNP antibodies has no grains 
over it above background. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  125  PLATE 67 
(Green et al.: Specificity of antibodies following immunization) 